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Device for treating bladder -emptying dysfunctions of a human 

The invention relates to a device for treating bladder- emptying 
dysfunctions of a human, having a catheter that can be introduced 
into the urethra, which catheter has a urine -emptying channel and 
carries a balloon arrangement that can be filled with a fluid, to 
seal the bladder and to hold the catheter in the bladder lumen, 
which arrangement can be filled with or emptied of the said fluid 
by means of at least one channel that runs along the catheter 
wall and is sealed off at the distal end segment of the catheter, 
and having an automatically closing valve accommodated in a 
proximal end segment of the catheter, whereby the length of the 
catheter is dimensioned in such a manner that its distal end lies 
within the urethra in the inserted state, and the proximal end 
segment in question carries a hydraulic activation mechanism for 
opening the valve, whereby the activation mechanism can be 
hydraulically impacted by means of mechanical pressure on the 
activation balloon that is disposed on the distal end segment of 
the catheter, filled with activation fluid, and connected with 
the activation mechanism by way of a connection channel. 

A device of the type stated above is already known (DE 196 21 420 
C2) . It has now turned out in practice that in the case of the 
known device in question, a relatively great mechanical pressure 
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must be exerted in order to open the automatically closing valve 
provided at the proximal end of the device. However, the 
exertion of such a high mechanical pressure is perceived by the 
patient in whom the device as a whole is being used as being 
uncomfortable, with the consequence that the acceptance of the 
use of the known device in question is not particularly great. 

It is therefore the task of the invention to further develop a 
device of the type stated initially, in such a manner that the 
valve provided at the proximal end of the device can be opened at 
a lower mechanical activation pressure than in the case of the 
known device, so that the acceptance of the use of the device 
developed further in this manner can be increased. 

This task is accomplished, in the case of a device of the type 
stated initially, according to the invention, in that the said 
activation mechanism is formed in that the valve contains a 
closure part elastically connected with the said proximal end 
segment of the catheter in such a manner that this part seals off 
the catheter at the said proximal end segment in the non- 
activated state of the activation balloon, and that the closure 
part in question can be moved out from the sealing contact solely 
in response to a hydraulic impact by means of the activation 
balloon, by means of the effective hydraulic pressure built up 
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thereby at the said proximal end segment, to such an extent that 
the urine -emptying channel of the catheter is opened for 
unhindered passage of urine . 

The invention is characterized by the advantage of an activation 
mechanism for the said valve that has a relatively simple design, 
and makes do with a relatively low mechanical pressure to open 
the closure part provided at the proximal end segment of the 
catheter for unhindered passage of urine. The design principle 
used for this purpose in the present invention is significantly 
simpler than the design principle for valve opening and closing 
proposed in the case of the known device mentioned above, 
according to which an activation mechanism having a bendably 
elastic spring rod is used, among other things. Therefore the 
use of the device according to the invention should find better 
acceptance than the previously known device. 

Preferably, the valve closure part having a conically shaped 
contact surface makes it possible to seal off the urine-emptying 
channel of the catheter at an end edge at the proximal catheter 
end. This measure brings with it the advantage of a particularly 
effective seal of the urine -emptying channel. 
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It is practical if the closure part and the proximal end segment 
of the catheter are elastically connected with one another by- 
means of holder elements. This brings with it the advantage of a 
particularly simple configuration of the closure part and the 
catheter. 

According to another practical further development of the present 
invention, the closure part is connected with the proximal end 
segment of the catheter by means of a joint element as well as by 
means of at least one elastic holder element. In this 
connection, secured positioning of the closure part on the 
catheter is made possible by means of the use of the 
aforementioned joint element. 

A particularly simple possibility, in terms of design, for 
connecting the closure part and the proximal end segment of the 
catheter by means of the holder elements results, according to 
another practical embodiment of the invention, in that the 
elastic holder element, in each instance, is formed on the 
closure part or on the proximal end segment of the catheter, and 
is separately attached to the proximal end of the catheter or to 
the closure part, respectively, with its other end, in each 
instance . 
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A particularly simple attachment of the aforementioned other end 
of each holder element, in each instance, results, in practical 
manner, in that it is attached, with the other end in question, 
to the proximal end of the catheter or to the closure part, 
respectively, by means of a glued connection. 

It is particularly advantageous if, according to another 
practical embodiment of the present invention, the connection 
channel connected with the activation balloon contains a pressure 
lumen separated by a separate valve in the region of the proximal 
end segment of the catheter, and when this lumen is filled with 
the activation fluid, by means of activation of the said 
activation balloon, the closure part can be lifted up from its 
sealing contact on the said urine- emptying channel of the 
catheter. The pressure lumen in question is essentially pumped 
up with activation fluid, by means of activation of the 
activation balloon, similar to how a bicycle tube is pumped up, 
for example. In other words, a hydraulic pressure reinforcement 
essentially takes place here. As a result, it is possible to 
make do with a particularly low mechanical activation force in 
the region of the activation balloon, and nevertheless make 
available a hydraulic pressure of the activation fluid in the 
aforementioned separate pressure lumen that results in opening of 
the aforementioned closure part. 
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In order to open the closure part only during a limited time span 
in connection with the practical further development considered 
above, the said valve is configured in such a manner, according 
to a further practical embodiment of the present invention, that 
it allows in-flow of the activation fluid into the said pressure 
lumen at a first, relatively high velocity, and permits back- flow 
of the activation fluid in question from the said pressure lumen 
at a significantly lower second velocity, in comparison. This 
results, in advantageous manner, in a particularly slight effort, 
in terms of design, in order to achieve time-limited opening of 
the aforementioned closure part. 

It is advantageous, in connection with the practical further 
development of the present invention discussed above, if the 
valve that separates the pressure lumen from the activation 
balloon has a valve shaft that has a passage opening in the 
pressure lumen that is accessible from the activation balloon, 
which opening is surrounded by a valve tube. In principle, such 
a valve corresponds to a known bicycle tube valve. In this 
connection, in order to limit the time during which the said 
closure part is open, the effect can be utilized that after the 
aforementioned pressure lumen has been "pumped up," the 
activation fluid situated in it tries to escape between the valve 
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shaft and the valve tube, and to bring about pressure relief in 
the pressure lumen in question. In this connection, it has been 
shown that the length with which the valve tube projects beyond 
the aforementioned passage opening of the valve shaft is decisive 
for the dwell time of the activation fluid in the said pressure 
lumen and therefore for the opening duration of the 
aforementioned closure part. The shorter the excess length, the 
shorter the opening time of the aforementioned closure part. 

Preferably, the catheter and the closure part consist of 
silicone, and it is practical if the balloon arrangement and the 
activation balloon also consist of silicone. In this way, a 
biocompatible material is used for the elements in question, in 
each instance. 

In the case of the present invention, it is advantageous if oil 
is used as the activation fluid. In this connection, the use of 
olive oil has particularly proven itself, since this oil brings 
absolutely no problems with it when used. This is because, as 
has been shown, olive oil does not tend to diffuse through the 
material, in each instance, and particularly through silicone of 
the catheter, the closure part, the balloon arrangement, and the 
activation balloon. The reason for this probably lies in the 
fact, according to present knowledge, that the olive oil 
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molecules are larger than molecules of other oils, and therefore 
cannot diffuse through the molecular structure of the material 
being used, in each instance, particularly through the silicone. 



The invention will be described in greater detail using exemplary 
embodiments and drawings. 

Fig. 1 shows an embodiment of a device according to the 
present invention, in an enlarged schematic 
representation . 

Fig. 2 shows an enlarged sectional view along the section line 

II- II drawn in Fig. 1. 
Fig. 3 shows a detail indicated in Fig. 1 as A, in an enlarged 

sectional view. 

Fig. 4 shows the detail A shown in Fig. 3 in another sectional 
plane . 

Fig. 5 shows an alternative implementation of the detail A 
shown in Fig. 3, in an enlarged sectional view. 

Fig. 6 shows, proceeding from the sectional view shown in Fig. 

3, for one thing, the conditions that result when an 
activation fluid is effective, as well as the formation 
of a separate pressure lumen in an activation channel. 

Fig. 7 illustrates a detail indicated in Fig. 1 as B, in an 
enlarged sectional view. 
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Fig. 8 illustrates an enlarged sectional view corresponding to 

the section line VIII-VIII drawn in Fig. 1. 
Fig. 9 illustrates a detail C indicated in Fig. 1 as C, in an 

enlarged sectional view. 
Fig. 10 illustrates a detail indicated in Fig. 6 as D, in an 

enlarged sectional view. 
Fig. 11 illustrates an alternative implementation of the detail 

shown in Fig. 11, in an enlarged sectional view. 

In Fig. 1, an embodiment of a device 1 according to the present 
invention is shown in an enlarged schematic representation. The 
device 1 in question has a catheter 2, which has, among other 
things, a urine -emptying channel, as will become more clearly- 
evident below, and carries a valve on its proximal end segment, 
which is shown on the left in Fig. 1, which valve can be used to 
open and close the. urine -emptying channel in question. At this 
point, it should be noted that when using the device 1, the 
aforementioned proximal end segment of the catheter 2 lies in the 
bladder of a human being, in whose urethra the catheter 2 in 
question is accommodated. Preferably, the catheter and the 
aforementioned valve consist of biocompatible silicone. 

The proximal end segment of the catheter 2, shown on the left in 
Fig. 1, has a cross-section as shown in Fig. 2, for example, 
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which shows an enlarged sectional view along the section line II- 
II drawn in Fig. 1. As is evident from Fig. 2, the catheter 2 
contains the aforementioned urine -emptying channel 3 and a 
further activation channel 4, also referred to as a connection 
channel here, in the proximal end segment in question; an 
activation fluid is brought to effect in the latter channel, as 
will be explained in greater detail below. Here, oil, preferably 
olive oil, is used as the activation fluid. It is true that the 
urine -emptying channel 3 and the activation channel 4 are shown 
with oval cross-sections here; however, it should be easily 
understood that they could also possess different cross-sections. 

The valve provided at the aforementioned proximal end segment of 
the catheter 2 comprises a closure part designated as 5 in Fig. 
1. This closure part 5, whose task consists of sealing the 
urine -emptying channel 3 off at the proximal end segment of the 
catheter 2 in question, and of opening it for unhindered passage 
of urine as needed, is elastically connected with the proximal 
end of the catheter 2 by means of a holder element 6 shown in tab 
shape in Fig. 1. At this point, it should be noted that a 
predetermined number, for example three or four holder elements, 
can be provided of the holder element 6. In this connection, the 
holder element 6, in each instance, can be connected with the 
proximal end of the catheter 2 merely with its broad tab part 
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shown in Fig. 1. The thin ridge part of the holder element 6, in 
each instance, gives this element the elasticity required for 
closing and opening the valve containing the closure part 5. 

In Fig. 3, the detail A present in the region indicated with A in 
Fig. 1 is shown in an enlarged sectional view. As is evident, 
the urine -emptying channel 3 and the activation channel 4 are 
present in the catheter 2. The urine -emptying channel 3 is 
sealed off from the closure part 5 by means of a contact part 7 
having a contact surface that is configured conically, in that 
the conically configured contact surface in question rests 
against a proximal end edge 8 of the catheter material that 
surrounds the urine -emptying channel 3. In this connection, such 
a seal is more effective than a surface-type seal between the 
contact surface 7 and a correspondingly configured contact 
surface on the proximal end of the urine -emptying channel 3. 

According to Fig. 3, the closure part 5 is connected with the 
proximal end segment of the catheter 2 by means of two holder 
elements 6 which are preferably connected with the outside of the 
proximal end segment of the catheter 2 in the manner explained in 
connection with Fig. 1, specifically by means of a glued 
connection. For this glued connection, a so-called medical 
adhesive, which is biocompatible, can be used. 
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From Fig. 3, it is furthermore evident that the activation 
channel 4 is closed off by means of a closure wall 9 at its 
proximal end, which wall is shown as having a relatively slight 
thickness here. This closure wall 9 lies opposite a 
correspondingly shaped activation surface 10 of the closure part 
5. It is true that an interstice is shown between the closure 
wall 9 and the activation surface 10 in Fig. 3; however, in 
practice this interstice does not have to be provided. 

Fig. 4 illustrates the detail A shown in Fig. 3 when considering 
merely the urine -emptying channel 3, in section. While Fig. 3 
illustrates the conditions that result from a consideration in 
the vertical sectional direction in the case of the sectional 
view according to Fig. 2, Fig. 4 shows the conditions that are 
present according to Fig. 2 in the horizontal sectional direction 
through the urine -emptying channel 3. According to Fig. 4, the 
closure part 5 with its conically configured contact part 7 is 
moved away from the proximal end edge or border 8 of the urine - 
emptying channel 3 to such an extent that the urine-emptying 
channel 3 of the catheter 2 is opened for unhindered passage of 
urine. In this case, the holder elements 6 shown in Fig. 4, 
which are attached to the catheter 2, are elastically stretched. 
As soon as this elastic stretching has been cancelled out, the 
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closure part 5 with its conically configured contact part 7 
returns to the position indicated with 7' in Fig. 4, in which the 
proximal end segment of the urine-emptying channel 3 is tightly 
sealed. 

Fig. 5 shows an alternative form of the connection of the closure 
part 5 with the proximal end segment of the catheter 2, in an 
enlarged sectional view, similar to the sectional view shown in 
Fig. 3. According to Fig. 5, the urine -emptying channel 3 of the 
catheter 2 is closed off as in Fig. 3, in that the conically 
configured contact part 7 of the closure part 5 rests against the 
proximal end edge or border 8 of the urine -emptying channel 3 in 
question, forming a seal. The activation channel 4 is shown in 
the same state as in Fig. 3, whereby the proximal end segment, 
i.e. the closure wall 9 of the activation channel 4 lies opposite 
the activation surface 10 of the closure part 5, as in Fig. 3. 
In contrast to the conditions shown in Fig. 3, however, in Fig. 5 
the closure part 5 is connected with the catheter 2 by means of a 
joint element 11, and by means of at least one elastic holder 
element 6 . This means that the closure part 5 with its at least 
one elastic holder element 6 and the catheter 2 are configured to 
originally be coherent, and afterwards are brought into the 
position shown in Fig. 5. Here again, the at least one elastic 
holder element 6 is elastically connected with the catheter 2, 
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such as by means of a glued connection, so that it permits 
lifting the closure element 5 from the catheter 2 in the 
longitudinal direction of the catheter. 

Fig. 6 illustrates the conditions that are present if an 
activation fluid for activation of the closure part 5 and thereby 
for opening the urine -emptying channel 3 becomes effective in the 
activation channel 4, in an enlarged sectional view, proceeding 
from the enlarged sectional view shown in Fig. 3. In contrast to 
the conditions shown in Fig. 3, according to Fig. 6 the proximal 
closure wall 9 is pressed out of its original closure position 
shown in Fig. 3, in the axial direction of the activation channel 
4 in question, as the result of an elevated activation pressure, 
by means of a dome or elevation 9" of the activation channel 4, 
in such a manner that the urine -emptying channel 3 is opened for 
unhindered passage of urine. In this case, the conically 
configured contact part 7 with the contact surface of the closure 
part 5 is lifted off the end edge or border 8 at the proximal 
catheter end, as illustrated in Fig. 6. 

Now that the conditions that are present at the proximal end 
segment of the catheter 2 shown in Fig. 1, i.e. those that are 
alternatively possible there, have been considered more closely, 
the conditions that are present in the region between the related 
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proximal end segment of the catheter 2 and its distal end segment 
will be considered more closely. 

In the region between the proximal and distal end segments, the 
catheter 2 has a balloon arrangement that can be filled with a 
fluid, to seal the bladder and to hold the catheter 2 in the 
bladder lumen, which arrangement consists, in the present case, 
of two balloons 12 and 13 disposed directly behind one another, 
which consist of silicone here, in each instance. The balloon 12 
has an attachment part 14, 15 at its ends that lie in the 
longitudinal direction of the catheter, in each instance, with 
which the balloon 12 in question is attached to the catheter 2, 
such as by means of a biocompatible glued connection. In 
corresponding manner, the balloon 13 has attachment parts 16, 17 
that lie at the front and at the back, in the longitudinal 
direction of the catheter 2, with which the balloon 13 in 
question is attached to the catheter 2, such as by means of a 
biocompatible glued connection. In Fig. 1, the two balloons 12, 
13 are illustrated in the non-filled state, by means of solid 
lines; in Fig. 1, the filled state of the balloons 12, 13 is 
indicated with broken lines. Thus, the blow-up regions of the 
balloons 12, 13 are established between the attachment parts 14, 
15 as well as 16, 17. At this point, it should be noted that the 
two balloons 12, 13, in deviation from the conditions explained 
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above, do not have to be attached to the catheter 2 lying 
directly next to one another; instead, they can also be attached 
to the catheter 2 at a certain distance from one another, as is 
illustrated in Fig. 1 of DE 196 21 420 C2 , for example. 

In order to illustrate the structure of the region with the 
balloons 12, 13 of the catheter 2 that was briefly discussed 
above in greater detail, reference is made to Fig. 7, in which 
the detail indicated with B in Fig. 1 is shown in an enlarged 
sectional view. In Fig. 7, the two balloons 12, 13 are shown 
with solid lines, also in the non-filled state; the filled state 
of the two balloons 12, 13 is shown with broken lines. In this 
connection, it is clearly evident from Fig. 7 that the blow-up 
region of the two balloons 12, 13 is established, in each 
instance, between their attachment points 14, 15 and 16, 17, 
respectively. Filling of the balloon 12 with a fluid, such as 
with water or a saline solution, for example, takes place by 
means of a filling channel 18 that runs along the catheter wall 
and is closed off at the distal end segment of the catheter 2, 
which channel has an exit opening 19 having a relatively large 
diameter, in the region of the balloon 12, in other words of the 
balloon lying at the proximal end of the catheter 2. The 
aforementioned fluid can be issued for the purpose of filling the 
balloon 12, by means of this exit opening 19, which can have the 
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cross-section of the filling channel 18, for example. In order 
to be able to fill the second balloon 13 with the fluid, here the 
balloon 13 is connected with the filling channel 18 by means of a 
further exit opening 20. This exit opening 20 has a lesser 
cross -section than the exit opening 19 in the region of the 
balloon 12. By means of these measures, the fluid fills the 
filling region, i.e. blow-up region of the balloon 12 relatively 
quickly, and the balloon 13 fills more slowly than the balloon 
12. The aforementioned channel 18 is now used not only for 
filling the balloons 12, 13 with a fluid, but also serves to 
guide away the fluid in question when the balloons 12, 13 are 
emptied. 

At this point, it should also be noted that the two balloons 12, 
13 could also be disposed essentially in series, in terms of 
fluid, in the case that the filling channel 18 were connected 
merely with the balloon 12, by means of a separate filling 
channel. In this case, as well, the balloon 12 would be filled 
first, and then the balloon 13. 

Fig. 8 shows a sectional view along the sectional line VIII-VIII 
drawn in Fig. 1, in other words in the region between the two 
aforementioned balloons 12, 13. As is evident, the catheter 2 
has the urine -emptying channel 3, the activation channel 4, and 
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the channel 18 explained in connection with Fig. 7 in this 
region. 

Coming back to Fig. 1, another detail C at the distal end region 
of the catheter 2, which is surrounded by a dot-dash line, will 
now be considered in greater detail. As indicated there, an 
activation balloon 23 is located at this distal catheter end 
region, which balloon also consists of silicone here, and is 
attached to the catheter 2 with attachment parts 24, 25, such as 
by means of a biocompatible glued connection. The detailed 
structure of the region that comprises the activation balloon 23 
(Detail C) , as established by a dot-dash circle in Fig. 1, is 
shown in an enlarged sectional view in Fig. 9. 

As is evident from Fig. 9, the catheter 2 has the urine -emptying 
channel 3 , now lying at the bottom and, lying above that, the 
activation channel 4 as well as the filling channel 18 at its 
distal end region. The activation channel 4 and the filling 
channel 18 can be closed off by means of valves 27 and 28, 
respectively, at the distal end of the catheter 2 that is shown 
on the right in Fig. 9. The urine -emptying channel 3, on the 
other hand, is open at the catheter end in question. The valves 
27, 28 in question can be opened for the purpose of filling the 
activation channel 4 and the filling channel 18 with 
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corresponding fluid, and they can furthermore be opened for the 
purpose of emptying the channels 4, 18 in question, but this will 
not be discussed in greater detail here. 

The activation balloon 23, as is evident from Fig. 9, is attached 
to opposite regions of the catheter 2 with its attachment parts 
24, 25. On its inside, it has a plurality of activation nubs 26, 
with which a certain mechanical pressure can be exerted on the 
wall of the activation channel 4. Since the entire device is 
configured in flexible manner, the wall of the activation channel 
4 can be compressed by means of the aforementioned nubs 26 upon 
mechanical activation of the activation balloon 23, causing a 
corresponding pressure to be exerted on the activation fluid 
situated in the activation channel 4. This exertion of pressure 
is then utilized to open the valve provided at the proximal 
catheter end, as is illustrated in greater detail in an enlarged 
sectional view, according to Fig. 6, of the proximal catheter end 
in question. As was already explained in connection with Fig. 6, 
the closure wall 9 provided at the proximal end region of the 
activation channel 4 is brought out of its straight position as 
the consequence of pressure being exerted on the activation fluid 
in said channel, so that an elevation 9" forms, which acts 
against the activation surface, i.e. closure wall 10 of the 
closure part 5. In this way, the conically configured contact 
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part 7 of the closure part 5 is brought away from the end edge, 
i.e. border 8 of the urine -emptying channel 3, so that the urine - 
emptying channel 3 is released for urine emptying. After 
pressure in the activation channel 4 has been relieved, the 
closure wall 9 of this activation channel 4 returns to the 
position shown in Fig. 3 and 5, respectively, in which the urine- 
emptying channel 3 is closed again. 

Now a Detail D in the activation channel 4, marked with a dot- 
dash circle in Fig. 6, will still be discussed. For this 
purpose, reference is particularly made to Fig. 10, which shows 
this Detail D in an enlarged sectional view. A separate valve 2 9 
is disposed in the activation channel 4, close to the proximal 
catheter end, by means of which valve a separate pressure lumen 
is formed in the region of the activation channel 4 shown on the 
left, in each instance, in Fig. 6 and 10, and when this lumen is 
filled with the activation fluid, by means of activation of the 
activation balloon 2 3 shown in Fig. 1 and 6, the closure part 5 
can be moved out of its sealing contact on the said urine- 
emptying channel 3 of the catheter 2. The valve 29 in question 
has a support part 3 0 connected with the interior of the 
activation channel 4, for example by means of a biocompatible 
glued connection, and a valve shaft 31 connected with this 
support part 30. Furthermore, the valve 2 9 has a lengthwise 
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opening 32 that runs into the valve shaft 31 from the support 
part 30, and a crosswise hole 33 provided at the proximal end of 
said opening. 

The region of the valve shaft 31 that contains the crosswise hole 
33 is surrounded by a valve tube 34. Both the support part 30, 
like the valve shaft 31 and also the valve tube 34 can preferably 
consist of silicone. In its structure, the valve 29 that was 
considered above is therefore similar to a conventional bicycle 
tube valve. 

The intensity of the back- flow out of the pressure lumen of the 
activation channel 4, shown in the left in Fig. 6 and 10, into 
the activation channel region shown on the right in the figures 
in question can be established by means of establishing the 
excess length of the valve tube 34 beyond the crosswise hole 33, 
indicated as 35 in Fig. 10. In this way, the valve 29 allows in- 
flow of the activation fluid into the region shown on the left in 
Fig. 6 and 10, i.e. into the pressure lumen of the activation 
channel 4 that is situated there, at a first, relatively high 
velocity, and it permits back-flow of the activation fluid in 
question out of the region in question, i.e. the pressure lumen, 
at a significantly lesser second velocity, in comparison. By 
means of repeated activation of the activation balloon 23 at the 
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distal catheter end - which practically represents pumpability - 
the region shown on the left in Fig. 6 and 10 (pressure lumen) of 
the activation channel 4 can therefore be pumped up with the 
activation fluid, in a manner of speaking. Afterwards, the 
region in question (pressure lumen) of the activation channel 4 
slowly empties again, in that the activation fluid escapes back 
into the region of the activation channel 4 shown on the right in 
Fig. 6 and 10, through the region between valve shaft 31 and 
valve tube 34 . 

Now Fig. 11 will still be briefly discussed, which illustrates an 
alternative implementation of the valve 29 shown in Fig. 10. The 
valve shown in Fig. 11 is indicated as 29'; like the valve 29 
shown in Fig. 10, it has a support part 30, a valve shaft 31, a 
lengthwise opening 32, and a crosswise hole 33 that is present at 
the proximal end of the latter, as well as a valve tube 34, which 
here, however, projects far beyond the valve shaft 31. All of 
the elements of the valve 29' can preferably consist of silicone. 
In contrast to the valve 29 shown in Fig. 10, the valve 29' has a 
back-flow opening 36 in its support part, which possesses a 
significantly smaller cross-section than the crosswise hole 33. 
If the crosswise hole possesses a diameter of 0.5 mm, for 
example, the diameter of the back-flow opening 35 lies in the 
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micrometer range, such as in the range of 10 um to 250 um, for 
example . 
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